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(54) TEMPERATURE CHARACTERISTIC ADJUSTMENT METHOD FOR PIEZOELECTRIC 
DEVICE AND OSCILLATION CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a temperature ^ 
characteristic adjustment method for a piezoelectric 
device and an oscillation circuit that uses a 
characteristic of a temperature region lower than an 
inflection point of a vibrator with a ternary function 
temperature characteristic so as to make a temperature 
characteristic of the oscillation circuit more flat within 
an operating temperature range. 

SOLUTION: The temperature characteristic adjustment 
method is relevant to the piezoelectric device and the 
oscillation circuit with a ternary function temperature 
characteristic where the inflection point of the ternary 
function temperature characteristic is at the outside of 
an original operating temperature range. Regarding a 
maximum or minimum point temperature located within a 
room temperature range as a top temperature with an 
apparent quadratic function temperature characteristic 
and turning the temperature characteristic around the 
inflection point located at the outside of the room 

temperature range by adjustment of a linear coefficient can adjust the top temperature to be an 
optimum value within the room temperature range. 
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CLAIMS 
[Ciaim(s)l 

[Claim l] It is the temperature characteristic adjustment method of a piezoelectric device which has the 
3rd function temperature characteristic and usually has the point of inflection of said 3rd function 
temperature characteristic outside operating temperature limits. See the maximum point or the 
minimum point temperature located in an ordinary temperature range, and it is regarded as 
top-most-vertices temperature of the upper secondary function temperature characteristic, A temperature 
characteristic adjustment method of a piezo-electric device characterized by rotating the temperature 
characteristic to the circumference of point of inflection located outside an ordinary temperature range by 
adjustment of a primary coefficient, and adjusting said top -most-vertices temperature to an optimum 
value of an ordinary temperature range. 

[Claim 2] A temperature characteristic adjustment method of a piezo-electric device which is the 
temperature characteristic adjustment method of a piezo electric device which consists of an ST cut 
quartz plate which carried out the field internal version of the ST cut quartz plate which is made to rotate 
a quartz plate to the circumference of an electrical axis (X-axis), and is obtained to the circumference of Z' 
shaft further, and is characterized by adjusting the maximum point or the minimum point temperature of 
the temperature characteristic to an optimum value of an ordinary temperature range by adjusting said 
field internal version angle. 

[Claim 3] It is the temperature characteristic adjustment method of a piezo-electric device which consists 
of an ST cut quartz plate which carried out the field internal version of the ST cut quartz plate which is 
made to rotate a quartz plate to the circumference of an electrical axis (X-axis), and is obtained to the 
circumference of Z' shaft further. It is considered that ST cut quartz plate which carried out the field 
internal version to the circumference of Z* shaft is the 3rd function temperature characteristic. The 
temperature characteristic is rotated to the circumference of point of inflection in which it is located in 
addition to ordinary temperature according adjustment of the temperature characteristic in an ordinary 
temperature range to adjustment of said field internal-version angle, and the maximum point or the 
minimum point of the temperature characteristic is seen. As a top-most-vertices temperature of the upper 
secondary function temperature characteristic A temperature characteristic adjustment method of a 
piezo-electric device characterized by adjusting to a proper value of an ordinary temperature range. 
[Claim 4] Said ST cut quartz plate which carried out the field internal version to the circumference of Z* 
shaft is the temperature characteristic adjustment method of a piezo electric device given in any 1 of 



claims 1-3 characterized by being theta= 113 • 135 degrees and psi= 43**5 times in an Eulerian angle. 
[Claim 5] Said ordinary temperature range is the temperature characteristic adjustment method of a 
piezo-electric device given in any 1 of claims 2-4 characterized by being set as -40-+85 degrees C. 
[Claim 6] It is the temperature characteristic adjustment method of an oscillator circuit that a 
piezo-electric device which has the 3rd function temperature characteristic and usually has the point of 
inflection of said 3rd function temperature characteristic outside operating temperature limits was 
incorporated. While measuring the temperature characteristic of said piezo-electric device, measure the 
temperature characteristic of said oscillator circuit and it asks for those difference. See the maximum 
point which becomes the temperature characteristic required of said oscillator circuit of being located in 
the ordinary temperature range of said piezo electric device so that vibrator temperature characteristic 
prediction may be carried out and it may become the prediction temperature characteristic concerned, or 
the minimum point temperature, and it is regarded as top most- vertices temperature of the upper 
secondary function temperature characteristic. A temperature characteristic adjustment method of an 
oscillator circuit characterized by rotatiag the temperature characteristic to the circumference of point of 
inflection located outside an ordinary temperature range by adjustment of a primary coefficient, and 
adjusting said top-most-vertice|S temperature to an optimum value of an ordinary temperature range. 
[Claim 7] A temperature characteristic adjustment method of an osclQator circuit characterized by 
constituting an oscillator circuit from a temperature requirement lower than point of inflection of the 3rd 
function temperature characteristic of a piezoelectric transducer which consists of an ST cut quartz plate 
which carried out the field internal version of the ST cut quartz plate which is made to rotate a quartz 
plate to the circumference of an electrical axis (X-axis), and is obtained to the circumference of Z' shaft 
further, seeing the maximum point or the minimum point temperature, and adjusting the frequency 
characteristic of an oscillator circuit as a top -most vertices temperature of the upper secondary function 
temperature characteristic. 

[Claim 8] It is the temperature characteristic adjustment method of an oscillator circuit incorporating ST 
cut quartz plate which carried out the field internal version of the ST cut quartz plate which is made to 
rotate a quartz plate to the circumference of an electrical axis (X-axis), and is obtained to the 
circumference of Z* shaft further. A temperature characteristic adjustment method of an oscillator circuit 
characterized by adjusting the temperature characteristic of said ST cut quartz plate which carried out 
the field internal version so that the temperature characteristic of an oscillator circuit incorporating the 
ST cut quartz plate concerned which carried out the field internal version to said ST cut quartz plate 
which carried out the field internal version might be searched for and both difference might be offset. 
[Claim 9] A temperature characteristic adjustment method of an oscillator circuit according to claim 7 or 
8 characterized by operating temperature hmits of an oscillator circuit being -40-1-85 degrees C. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the method of adjusting the 
temperature characteristic of the oscillator circuit in which the piezo-electric device and the temperature 
characteristic adjustment method of an oscillator circuit were started, especially a SAW device and this 
were carried. 
[0002] 

[Description of the Prior Art] Conventionally, the temperature characteristic (frequency-drift property 
over a temperatxire change) of a piezoelectric transducer has what is expressed with a secondary function 
like a tuning fork vibrator and a SAW resonator, and the thing expressed with the 3rd function like AT 
vibrator, as shown in drawing 9 . 

[0003] In the frequency temperature characteristic of the oscillator circuit using this piezoelectric 
transducer, the oscillator-circuit temperature characteristic and the vibrator temperature characteristic 
are adjusted so that the temperature characteristic may become min focusing on 25 degrees C which is 
usually service temperature in operating temperature limits (-40-+85 degrees C). Usually, in an oscillator 
with a piezoelectric transducer with the secondary function temperature characteristic, if the 
top-most-vertices temperature of the oscillator-circuit temperature characteristic adjusts so that it may 
be located at the center of operating temperature limits, it will turn into the minimum temperature 
stability. In vibrator with the conventional secondary function temperature characteristic, the 
adjustment width of face of top-most-vertices temperature is per 40 degrees C from 0 degree C. On the 
other hand, since point-of-inflection temperattire cannot be easily adjusted in AT cut vibrator with the 3rd 
function temperature characteristic, it is common to adjust primary coefficient terms so that the 
oscillator-circuit temperature characteristic of operating temperature limits may serve as the minimum 
width of face. In fact, with the piezoelectric transducer of the former secondary function temperature 
characteristic, it carries out by adjusting electrode layer thickness and width of face, and is performing 
adjusting the formation direction (X shaft orientations) of an electrode so that the point of inflection may 
be rotated as a center with vibrator with the latter 3rd function temperature characteristic. 
[0004] By the way, when an oscillator circvdt is constituted using the vibrator of the secondary function 
temperature characteristic, as shown in drawing 8 , generally the temperature characteristic of an 
oscillator circuit differs from the temperature characteristic of vibrator. The temperature characteristic 
seems to rotate to a clockwise rotation or a counterclockwise rotation. This is because the primary 



coefificient of the temperature characteristic changes. Although change of this temperature characteristic 
includes not only change of a primary coefficient but change of a higher order coefficient, generally it can 
be represented with change of a primary coefficient. When making the frequency and the temperature 
characteristic of an oscillator into min, as mentioned above, generally the top -most- vertices temperature 
of the secondary function temperature characteristic is adjusted to the center of operating temperature 
limits. However, the adjustable range of the top -most- vertices temperature of vibrator is not free, and the 
range which can be adjusted is restricted. 

[0005] On the other hand, when an oscillator circidt is constituted using the vibrator of the 3rd function 
temperature characteristic, generally the temperature characteristic of an oscillator circuit differs from 
the temperature characteristic of vibrator so that it may be shown drawing 7 . The temperature 
characteristic looks [ rotate / to a clockwise rotation or a counterclockwise rotation ] beiag the same as 
that of the case of a secondary property. In the case of the 3rd function temperature characteristic, 
migration of point- of- inflection temperature is difficult. Therefore, when making the frequency and the 
temperature characteristic of an oscillator into min, he is trying to acquire the minimum temperature 
characteristic in operating temperature limits by generally adjusting the primary coefficient of vibrator. 
[0006] 

[ProblemCs) to be Solved by the Invention] By the way, when the operating temperature limits of an 
oscillator are xinevenly distributed to the temperature characteristic adjustable range of vibrator and 
top-most-vertices temperatxure of the secondary fimction temperature characteristic cannot be especially 
set as the center of operating temperature limits, or when the point* of -inflection temperature of the 3rd 
function temperature characteristic has separated from the center of operating temperature limits, it is 
difficult to adjust so that the temperature characteristic may serve as the minimum temperatvire width of 
face in operating temperature limits. Moreover, a SAW resonator is usually the secondary function 
temperature characteristic, and has only a method of bringing top-most-vertices temperature to the 
center of operating temperature limits as the temperature characteristic improvement technique of an 
oscillator circuit. 

[0007] This invention aims at offering the piezo-electric device which is operating temperature limits and 
can make the temperature characteristic of an oscillator circuit flatness more, and the temperature 
characteristic adjustment method of an oscillator circuit by using the property of a temperature region 
lower than the point of inflection of the vibrator of the 3rd function temperature characteristic. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, a temperature 
characteristic adjustment method of a piezo-electric device concerning this invention was constituted as 
follows. That is, it was the temperature characteristic adjustment method of the piezo-electric device 
which has the 3rd function temperature characteristic and usually has the point of inflection of said 3rd 
function temperature characteristic outside operating temperature limits, the maximum point or the 
minimum point temperature located in an ordinary-temperature range saw, and it regarded as the 
top -most- vertices temperature of the upper secondary function temperature characteristic, and it 
constituted so that the temperature characteristic rotates to the circumference of point of inflection 
located outside an ordinary temperature range by adjustment of a primary coefficient and said 
top most- vertices temperature may adjust to an optimum value of an ordinary temperattu^e range. 
[0009] Moreover, this invention is the temperature characteristic adjustment method of a piezo electric 



device which consists of an ST cut quartz plate which carried out the field internal version of the ST cut 
quartz plate which is make to rotate a quartz plate to the circumference of an electrical axis (X-axis), and 
is obtain to the circximference of Z* shaft further, and by adjust said field internal version angle, it can also 
be constitute so that the maximum point or the minimum point temperature of the temperature 
characteristic may be adjust to an optimum value of an ordinary temperature range. 
[0010] Furthermore, this invention is the temperature characteristic adjustment method of a 
piezo electric device which consists of an ST cut quartz plate which carried out the field internal version 
of the ST cut quartz plate which is made to rotate a quartz plate to the circumference of an electrical axis 
(X-axis), and is obtained to the circximference of Z' shaft further. It is considered that ST cut quartz plate 
which carried out the field internal version to the circumference of Z' shaft is the 3rd function 
temperature characteristic. It is characterized by rotating the temperature characteristic to the 
circvimference of point of inflection in which it is located in addition to ordinary temperature according 
adjustment of the temperature characteristic in an ordinary temperature' range to adjustment of said 
field internal-version angle, seeing the maximum point or the minimum point of the temperature 
characteristic, and making it a proper value of an ordinary temperature range as a top most- vertices 
temperature of the upper secondary function temperature characteristic. 

[OOll] In the above -.mentioned configuration, said ST cut quartz plates which carried out the field 
internal version to the circumference of Z' shaft are theta= 113 * 135 degrees and psi= 43**5 times in an 
Eulerian angle. Moreover, said ordinary temperature range is set as -40-I-80 degrees C. 
[0012] A temperature characteristic adjustment method of an oscillator circuit concerning this invention 
It is the temperature characteristic adjustment method of an oscillator circuit that a piezo-electric device 
which has the 3rd function temperature characteristic and usually has the point of inflection of said 3rd, 
function temperature characteristic outside operating temperature limits was incorporated. While 
measuring the temperature characteristic of said piezo-electric device, measure the temperature 
characteristic of said oscillator circuit and it asks for those difference. See the maximum point which 
becomes the temperature characteristic required of said oscillator circuit of being located in the ordinary 
temperature range of said piezo -electric device so that vibrator temperature characteristic prediction may 
be carried out and it may become the prediction temperature characteristic concerned, or the minimum 
point temperature, and it is regarded as top most- vertices temperature of the upper secondary function 
temperature characteristic. It is characterized by rotating the temperature characteristic to the 
circumference of point of inflection located outside an ordinary temperature range by adjustment of a 
primary coeflicient, and adjusting said top most- vertices temperature to an optimum value of an ordinary 
temperature range. 

[0013] Moreover, the temperature characteristic adjustment method of an oscillator circuit concerning 
this invention constitutes an oscillator circuit fi-om a temperature requirement lower than point of 
inflection of the 3rd function temperature characteristic of a piezoelectric transducer which consists of an 
ST cut quartz plate which carried out the field internal version of the ST cut quartz plate which is made 
to rotate a quartz plate to the circumference of an electrical axis (X-axis), and is obtained to the 
circumference of Z* shaft further, and it constitutes it so that the maximum point or the minimum point 
temperature may be seen and the frequency charactei;istic of an oscillator circuit may be adjusted as a 
top most- vertices temperature of the upper secondary function temperature characteristic. 
10014] Moreover, this invention is the temperature characteristic adjustment method of an oscillator 



circuit incorporating ST cut quartz plate which carried out the field internal version of the ST cut quartz 
plate which is made to rotate a quartz plate to the circumference of an electrical axis (X axis), and is 
obtained to the circumference of Z* shaft further. It is good also as a configuration which adjusts the 
temperature characteristic of said ST cut quartz plate which carried out the field internal version so that 
the temperature characteristic of an oscillator circuit incorporating the ST cut quartz plate concerned 
which carried out the field internal version to said ST cut quartz plate which carried out the field internal 
version might be searched for and both difference might be offset. In this case, operating temperature 
limits of an oscillator circuit are ■40-+85 degrees C. 
[0015] 

[Embodiment of the Invention] The concrete operation gestalt of the piezo electric device concerning this 
invention and the temperature characteristic adjustment method of an oscillator circuit is explained to it 
at details, referring to a drawing to below. Generally, at a SAW resonator, although the secondary 
function temperature characteristic is common, a piezoelectric transducer with the 3rd function 
temperature characteristic is used, it is located in the temperature field where point of-inflection 
temperature is higher than operating temperature limits (or low), and the oscillator temperature 
characteristic with small temperature-change width of face can be realized by adjusting the 
oscillator-circuit temperature characteristic as operating temperature limits using the temperature 
characteristic near the maximum point of the 3rd function temperature characteristic. 
[0016] For example, when cutting down a piezoelectric transducer firom Xtal, the temperature 
characteristic changes according to the direction of a cut. Although the crystaUographic axis of Xtal is 
defined by an electrical axis (X-axis), a machine shaft (Y-axis), and the optical axis (Z axis) as shown in 
drawing 3. What is called ST cut is started in accordance with the crystallographic axis (X, Y', ZO from the 
quartz plate 1 with which an Eulerian angle (phi, theta, psi) rotates Xtal Z disc 2 of (0, 0, 0) theta= 113 to 
135 degrees to the circumference of an electrical axis (X-axis), and is acquired, the piezoelectric 
transducer produced so that it might be made to rotate psi= 43**5 times further to the circumference of Z* 
shaft of this ST cut quartz plate 1 and the propagation of a surface acoustic wave might txu*n into the 
direction of this psi - * it is called ST cut quartz resonator 3 which carried out the field internal version 
to the circumference of a shaft. This field internal-version ST cut quartz resonator 3 has small fi-equency 
rate of change, and its temperature characteristic is very good. And it was thought that it was a kind of 
ST cut and the temperature characteristic was the secondary function temperature characteristic. 
However, when the artificer etc. investigated, it became clear that it was the 3rd function temperature 
characteristic which has point of inflection in nearly 110 degrees in practice. Since inspecting the 
temperature characteristic in such a temperature field might damage other elements which constitute an 
oscillator when having separated fi-om the operating temperature hmits where point of inflection is actual, 
it was impossible to have checked existence of point of inflection in practice. Therefore, when it was going 
to adjust the temperature characteristic of the vibrator cut down from this ST cut quartz plate that 
carried out the field internal version to the circumference of Z* shaft, adjustment became very difficult 
even if carried out as the secondary function temperature characteristic. 

[0017] with this operation gestalt, the knowledge that ST cut quartz resonator which carried out a field 
internal version to the circumference of Z* shaft be the 3rd function temperature characteristic acquire, 
the maximum point or the minimimi point temperature locate in an ordinary temperature range see, and 
it regard as the top most vertices temperature of the upper secondary function temperatiu*e characteristic, 



and it constitute so that the temperature characteristic rotate to the circumference of the point of 
inflection locate outside an ordinary temperature range by adjustment of a primary coefiGcient term and 
said top-most vertices temperature may adjust to the optimum value of an ordinary temperature range. 
By adjusting said field internal-version angle of the piezo-electric device which consists of an ST cut 
quartz plate which carried out the field internal version of the ST cut quartz plate which is make to rotate 
a quartz plate theta= 113 to 135 degrees to the circumference of an electrical axis (X-axis), and is obtain to 
the circumference of Z' shaft only psi= 43**5 times further, this adjusts the maximum point or the 
minimum point temperature of the temperature characteristic to the optimum value of an ordinary 
temperature range, and, specifically, adjusted the temperature characteristic. 

[0018] Now, since point-of-iaflection temperature is about 110 degrees C and a common temperature 
requirement is -40-+85 degrees C of temperature fields lower than it, the temperature characteristic of ST 
cut quartz resonator which carried out the field internal version to the circumference of Z' shaft uses the 
property field which has the maximum point of being located in a temperature field lower than point of 
inflection, as shown in drawing 2 (portion enclosed with having been square in drawing 2 ). Since it is 
difficult to move point of inflection in the case of the 3rd function temperature characteristic, a primary 
coefficient term is adjusted and a characteristic ray is rotated to the circumference of point of inflection. 
By this, the characteristic ray in a common service temperature field is seen, and it regards as the upper 
secondary function temperature characteristic, and the maximum point is adjusted so that it may be 
located at the center of a service temperature field as a top -most- vertices temperature of the secondary 
function temperature characteristic. When the continuous hne shown in drawing 2 is a basic 
characteristic ray, this obtains a characteristic ray as made rotate a characteristic ray to the 
circumference of point of inflection and newly shown with the dashed line so that the maximum point Pi 
may be located in the center of operating temperature limits Tz. Thereby, the maximum point 
temperature can move to Pi •>P2, and can make firequency rate of change min in operating temperature 
limits as if it carried out the paraUel displacement of the top-most-vertices temperature in operating 
temperature limits. 

[0019] The piezoelectric transducer of ST cut which carried out the field internal version to the 
circumference of Z' shaft produces ST cut Xtal wafer first, gives psi whenever [ field interior angle ] using 
the orienteering flat, and carries out exposure formation of a reflector film and the blind-like electrode 
layer to each vibrator field at this. By carrying out degree adjustment of the psi= 43 degrees whenever 
[ above-mentioned field interior angle ], the practical tuning of this 3rd function temperature 
characteristic changes the propagation of a surface acoustic wave, and performs it. Since the relation 
between the change direction of psi and the hand of cut of a characteristic ray is known beforehand, the 
adjustment direction and the amount of adjustments can be predicted to some extent. Therefore, the 
piezoelectric transducer of ST cut which carried out the field internal version to the circumference of Z* 
shaft is created, that temperature characteristic is searched for, the rotation of a characteristic ray is 
calculated so that the maximum point or the minimum point may be located at the center in the operating 
temperature limits by the design specification, and it asks for the degree adjustment angle alpha of psi 
corresponding to this rotation. The orienteering flat corresponding to psi is set as angle psi**alpha 
whenever [ original field interior angle ], and a reflector film and a blind-like electrode layer are formed. 
The piezo-electric device of ST cut which carried out the field internal version to the circumference of Z' 
shaft which makes frequency rate of change min in operating temperature limits by this can be obtained. 



[0020] By the way, the outline configuration of the oscillator circuit 10 incorporating ST cut quartz 
resonator which carried out the field internal version to the circumference of Z* shaft mentioned above is 
shown in drawing 3 . It is the example of a configuration which connected amplifier 16 to juxtaposition in 
the series circuit of a piezoelectric transducer 12 and the phase machine 14. As for the temperature 
characteristic of this oscillator circtdt 10, the temperature characteristic of vibrator 12 and the 
temperature characteristic of a circuit 10 were added. Drawing 4 (l) shows the quartz-resonator 
independent temperatiu-e characteristic of ST cut which carried out the field internal version to the 
circumference of Z* shaft, and this drawing (2) shows the temperature characteristic of the oscillator 
circuit incorporating this vibrator. This drawing (2) shows what the temperature characteristic of 
vibrator rotated clockwise. In an oscillator circuit, since this rotation breaks out, this is foreseen, and it 
adjusts so that the temperature characteristic in operating temperat\u-e limits may become flat. In this 
case, seemingly, the temperature characteristic of an oscillator circuit adjusts the temperature 
characteristic of vibrator in operating temperature limits so that top most-vertices temperature may 
come to the center of operating temperature limits. That is, if a piezoelectric transducer 12 is independent, 
the 3rd function temperature characteristic as shown in drawing 4 (l) is shown, and seemingly, the 
temperature characteristic of an oscillator circuit when this is included in an oscillator circuit 10 shows 
the modality which the temperature characteristic rotated to the circumference of point of inflection, as 
shown in drawing 4 (2). Then, as a property is shown to drawing 4 (3) by the temperature requirement 
used as an oscillator circuit 10, it determines that the temperature characteristic of an oscfllator circuit 
which becomes flat will become drawing 4 (2), and it counts backward, and the temperature characteristic 
of a piezoelectric transducer 12 is adjusted hke drawing 4 (l). The property which specifically subtracted 
the temperatxrre characteristic of an oscillator circuit firom the property for which it asks turns into the 
temperature characteristic of vibrator. This temperature characteristic is expressed with the 3rd function 
which has point"of-inflection temperature in a temperature region higher than operating temperature 
limits. 

[0021] Moreover, in the case of different operating temperature limits, the temperature characteristic as 
an oscillator circuit is foreseen and adjusted similarly The enlarged view (this drawing (3)) in the 
temperature characteristic (this drawing (2)) when including in drawing 5 in the piezoelectric transducer 
independent temperature characteristic (this drawing (l)) and an oscillator circuit and operating 
temperature limits is shown. In this case, although an apparent top most-vertices temperature is 
adjusted to the center of operating temperature limits, it can realize by adjusting the coefficient of the 3rd 
function of vibrator, and this can control a property easily rather than adjustment of the top most-vertices 
temperature of a secondary function, and adjustment of the point-of-inflection temperature of the 3rd 
function. 

[0022] The concrete procedure of the temperature characteristic adjustment method when building into 
such an oscillator circuit 10 ST cut quartz resonator which carried out the field internal version to the 
circumference of Z' shaft is shown in the flow chart of drawing 6 . If it goes into temperature 
characteristic tuning (step 100), the aim temperature characteristic will be first set up from the demand 
characteristics of an oscillator (step 102). They are operating temperature limits and allowable frequency 
deviation, and ST cut quartz resonator which carried out the field internal version to the circumference of 
Z* shaft incorporated the difference of the independent temperature characteristic and the temperature 
characteristic as an oscillator it is confirmed whether there is any data (step 104). difference - if there 



is no data, the temperature characteristic of vibrator will be measured first (step 106). And the vibrator 
concerned is built into the actually used oscillator (step 108), and the temperature characteristic as an 
oscillator is measured shortly (step 110). and the difference of both temperature characteristic 
calculating (step 112) - the difference from an aim property " the temperature characteristic which 
deducts data and is required of vibrator is predicted (step 114). What is necessary is to create a normal 
vibration child so to speak, and just to create at theta= 123 degrees and psi= 43 degrees according to an 
Eulerian angle in step 106. And the amount of modification of psi is determined whenever [ for 
considering as the temperatiure characteristic demanded at step 114 / field interior angle ], and the 
vibrator which changed the propagation of a surface acoustic wave is made as an experiment (step 116). 
And in order to adjust the temperature characteristic of vibrator to desired property orientation and to 
check **, the temperature characteristic is measured (step 118), subsequently to an oscillator vibrator is 
incorporated (step 120), and the temperature characteristic of an oscillator is measured (step 122). If this 
regards demand characteristics, vibrator will be created on the conditions made as an experiment at step 
116. If it seems that a demand is not satisfied (step 124), a series of activities will be repeated until it 
changes psi into step 112 whenever [ return and field interior angle ] and is satisfied with it of demand 
characteristics. 

[0023] Thus, according to this operation gestalt, by combining the vibrator temperature characteristic 
and the oscillator temperature characteristic, the maximum point of vibrator is used as a 
top most-vertices temperature of operating temperature limits, and the oscillator temperature 
characteristic can be adjusted so that the temperature characteristic may serve as min in operating 
temperature limits. The temperature characteristic of the whole oscillator is improvable because the 
temperature characteristic of amplifier and a phase shifter makes the property that the temperature 
characteristic of vibrator and the different temperature characteristic are shown in operating 
temperature limits, and the temperature characteristic of vibrator can be improved. 

[0024] In this case, the temperature characteristic of vibrator is a false secondary property in operating 
temperature limits, the temperature characteristic of vibrator is the 3rd function temperature 
characteristic, point of inflection temperature is in the temperature region higher than the center or the 
low temperature requirement of operating temperature limits, and the vibrator which is visible to a false 
secondary property [ in operating temperature limits ] is used. 

[0025] Although the above-mentioned operation gestalt shows the example using ST cut quartz resonator 
which carried out the field internal version to the circumference of Z' shaft, the temperature 
characteristic of vibrator can apply a cut which has point of inflection in a temperature field lower than 
operating temperature limits to the vibrator in which a false secondary property is shown in operating 
temperature limits. 
[0026] 

[Effect of the Invention] As explained above, this invention is the temperature characteristic adjustment 
method of the piezo electric device which has the 3rd function temperature characteristic and usually has 
the point of inflection of said 3rd function temperature characteristic outside operating temperature 
limits. See the maximum point or the minimum point temperature located in an ordinary temperature 
range, and it is regarded as the top -most- vertices temperature of the upper secondary function 
temperature characteristic. Rotate the temperature characteristic to the circumference of the point of 
inflection located outside an ordinary temperature range by adjustment of a primary coefficient, and said 



top -most- vertices temperature is adjusted to the optimum value of an ordinary temperature range. 
Moreover, it is the temperature characteristic adjustment method of an oscillator circuit that the 
piezo-electric device which has the 3rd function temperature characteristic and usually has the point of 
inflection of said 3rd function temperature characteristic outside operating temperature limits was 
incorporated. While measuring the temperature characteristic of said piezo-electric device, measure the 
temperature characteristic of said oscillator circuit and it asks for those difference. See the maximum 
point which hecomes the temperature characteristic required of said oscillator circuit of being located in 
the ordinary temperature range of said piezo-electric device so that vibrator temperature characteristic 
prediction may be carried out and it may become the prediction temperature characteristic concerned, or 
the minimum point temperature, and it is regarded as the top -most- vertices temperature of the upper 
secondary function temperature characteristic. Since it constituted so that the temperature characteristic 
might be rotated to the circumference of the point of inflection located outside an ordinary temperature 
range by adjustment of a primary coefficient and said top-most-vertices temperature might be adjusted to 
the optimum value of an ordinary temperature range By using the property of a temperature region lower 
than the point of inflection of the vibrator of the 3rd function temperature characteristic, the temperature 
characteristic of an oscillator circuit can be made more into flatness in operating temperature hmits. 



[Translation done.] 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is explanatory drawing of ST cut Xtal which carried out the field internal version to the 
circumference of Z* shaft. 

[Drawing 2l It is the temperature characteristic diagram of ST cut quartz resonator which carried out the 

field internal version to the circumference of Z* shaft. 

[Drawing 3l It is the example of a configuration of an oscillator circuit. 

[Drawing 4l They are a temperature characteristic diagram when including in an oscillator at the 
piezoelectric transducer list concerning an operation gestalt, and its partial enlarged view. 
[Drawing 5l They are a temperature characteristic diagram when including in an oscillator at the 
piezoelectric transducer hst concerning other operation gestalten, and its partial enlarged view, 
[Drawing 6l It is the flow chart which shows the tuning of the oscillator temperature characteristic. 
[Drawing 71 It is explanatory drawing of the tuning of the 3rd function temperature characteristic. 
[Drawing 81 It is explanatory drawing of the tuning of the secondary function temperature characteristic. 
[Drawing 91 It is explanatory drawing of the conventional secondary fimction temperature characteristic 
and the 3rd function temperature characteristic. 
[Description of Notations] 

1 [ ... An oscillator, 12 / ... A piezoelectric transducer, 14 / ... A phase machine, 16 / ... Amplifier. ] ST 

cut quartz plate, 2 ... The Xtal Z disc, 3 ... ST cut quartz resonator, 10 which carried out the field internal 
version to the circumference of Z* shaft 
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